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Tumor necrosis factor alpha (TNF-a), a polypeptide
that regulates cellular growth and modulates the
synthesis of various cell surface and secreted mole-
cules, has been identified in the pregnant uterus. To
determine which specific cells transcribed and trans-
lated this gene, extraembryonic fetal tissues (pla-
centa and membranes) and uterine tissuefrom early
and late stages ofgestation were analyzedfor TNF-a
mRNA by in situ hybridization using biotinylated an-
tisense and sense TNF-a probes, and for immunore-
active TNF-a using two monoclonal antibodies. Tu-
mor necrosis factor-alpha transcripts and protein
were identified in both extraembryonic and mater-
nal cells. In first-trimester placental villi, TNF-a
mRNA was present in syncytiotrophoblast but was
low to absent in cytotrophoblast and villous stromal
cells. Decidual and epithelial cells in maternal tis-
sues contained TNF-a transcripts. In term placentas,
both syncytiotrophoblast and villous stromal cells
contained TNF-a mRNA, and transcripts werepresent
in maternal cells in the decidua adjacent to the ex-
traplacental membranes. In both first-trimester and
term tissues, coincident expression of TNF-a mRNA
and immunoreactive TNF-a was demonstrated. The
results of this study show that TNF-a is synthesized by
cells in both extraembryonic membranes and mater-
nal tissues during human gestation and that tran-

scrzption in specific types of cells is influenced by
gestational age. These observations are consistent
with a major rolefor TNF-a in the dynamic develop-
mental events of human pregnancy. (Am J Pathol
1991, 139:327-335)

Polypeptide factors that modulate cellular growth and dif-
ferentiation are abundant in the pregnant uterus, and

these factors are often produced locally by extraembry-
onic and uterine cells. Human placental trophoblast cells
transcribe the interleukin-21 and colony-stimulating fac-
tor-GM genes,2 and ovine trophoblast cells transcribe an
alpha-interferonlike gene.3 Mouse uterine decidual and
epithelial cells contain transforming growth factor beta 1
mRNA (TGF-P 1),4 and colony-stimulating factor-1
(CSF-1) transcripts are found in mouse uterine epithelial
cells."7 In many instances, immunologic or biologically
active cytokines have been identified in these tis-
sues.4'5'8'9 In the case of CSF-1, coincidence of cytokine
synthesis and the expression of cytokine receptors
has been documented.6'7

Tumor necrosis factor alpha (TNF-a) is a 1 7-kd poly-
peptide that is active at picomolar concentrations and is
associated with inflammatory processes. Originally iden-
tified as a product of activated macrophages that inhib-
ited tumor cell proliferation,10'11 TNF-a is now known to
be produced by other types of cells12'13 and to have
pleiotrophic effects, modulating cellular growth, differen-
tiation, and the synthesis of various substances.14'15 Tu-
mor necrosis factor-alpha might be one of the cytokines
that influence human embryogenesis. Biologically active
TNF-ot has been identified in amniotic fluid and in super-
natant culture media from human decidual and placental
explants.16'17 Radiolabel experiments have shown re-
ceptors for TNF-t in human term placental homoge-
nates,18 and TNF-a receptor mRNA has been reported in
human term placenta.19

The role of TNF-ca in human development is unknown,
but identification of the specific cells that transcribe the
TNF-ox gene during the course of gestation might provide
clues to its functions. Because many types of maternal
and fetal cells are intermixed in these tissues, results ob-

Supported by grants from the National Institute of Child Health and Hu-
man Development (HD24212, HD26429) and the March of Dimes Foun-
dation for Birth Defects (1-1112) awarded to Joan S. Hunt.

Accepted for publication April 2, 1991.
Address reprint requests to Joan S. Hunt, PhD, Department of Pa-

thology, University of Kansas Medical Center, 39th St. and Rainbow Blvd.,
Kansas City, KS 66103.

327



328 Chen et al
AJP August 1991, Vol. 139, No. 2

tained by Northern and Western blotting could be subject
to misinterpretation. We therefore analyzed semiserial
sections of paraformaldehyde-fixed extraembryonic tis-
sues and decidua taken from early and late stages of
gestation directly by using in situ hybridization to identify
TNF-a mRNA and immunohistology to localize the pro-
tein.

The results of this study provide the first evidence in
humans that extraembryonic fetal cells and maternal cells
transcribe the TNF-a gene and translate the mRNA into
protein. The data presented suggest alterations in TNF-
synthesizing cell populations as pregnancy progresses,
and higher levels of this potent cytokine at term.

Materials and Methods

Tissues

Discarded tissues from elective first-trimester pregnancy
terminations and term deliveries (caesarean sections)
were acquired under a protocol approved by the institu-
tional Human Subjects Committee. Placentas in first-
trimester tissues (estimated date of gestation, 8 to 12
weeks; n = 4), term placentas (n = 4), and term extra-
placental membranes (n = 4) were dissected into 1-cm3
portions within 30 minutes after delivery. Tissue blocks of
term placentas contained two to three samples taken
from different cotyledons. Tissues were fixed ovemight at
4°C in freshly prepared 4% paraformaldehyde in phos-
phate-buffered saline (PBS, pH 7.2). Tissues were em-
bedded in paraffin at low temperature, and 5-,u sections
were placed onto poly-L-lysine-coated slides. Semiserial
sections of these tissues were used for in situ hybridiza-
tions and immunocytochemical studies. Additional spec-
imens of first-trimester placenta, term placenta, and term
extraplacental membranes (n = 2 per type) were flash
frozen in liquid N2, sectioned by cryostat, and tested by
immunohistology.

Probe Preparation and In Situ
Hybridizations

The TNF-a probe, a 298-bp EcoRl-HindlIl fragment of
the murine TNF-a gene20 21 subcloned into the transcrip-
tion vector pGEM3 (Promega Biotec, Madison, WI) was a

gift from Dr. C. Martens (DNAX, Palo Alto, CA). The high
degree of homology between human and murine TNF-a
genes allowed cross-hybridization.14'15 The insert was

excised using EcoRl and Hind Ill restriction enzymes,
and was verified for size by agarose gel electrophoresis.
After linearization of the plasmid, biotinylated antisense

and sense RNA probes were synthesized by in vitro tran-
scription with Biotin 21 -UTP (Clontech, Palo Alto, CA) us-
ing T7 and SP6 RNA polymerases (Promega) and 3H-
GTP as tracer for estimating probe concentrations. Puri-
fied biotinylated RNA probes were used in a hybridization
mixture that contained 50% deionized formamide, 10%
dextran sulfate, 2x SSC (20x SSC is 3M NaCI, 0.3M
Na3 citrate) 300 ,ug/ml yeast tRNA (Sigma Chemical Co.,
St. Louis, MO), and 30 units of RNase inhibitor
(Promega). The final hybridization mixtures of sense and
antisense versions of the probe contained equal cpm
and equal amounts of RNA (0.2 to 0.6 p.g/ml).

In situ hybridizations were performed using the
method of Lawrence and Singer22 as previously de-
scribed23 with some modifications. Deparaffinized tissue
sections were prehybridized for 10 minutes at room tem-
perature (RT) in PBS containing 5 mmol/l (millimolar)
MgCI2, then were incubated for 10 minutes at 650C in
50% formamide, 2x SSC. The sections were overlaid
with 50 ,ul of a hybridization cocktail and coverslipped,
then were incubated overnight at 3TC in a humidified
chamber. The tissue sections were washed for 30 min-
utes at 370C in 50% formamide, 2x SSC, then in 50%
formamide, 1 x SSC, followed by several washes in 1 x
SSC. A final high-stringency wash was performed by in-
cubating the slides for 30 minutes at 650C in 0.1 x SSC.
The slides were washed for 10 minutes each in PBS con-
taining 0.5% Triton X-100 and PBS at RT. Hybridization
was detected with strepavidin-alkaline phosphatase and
a nitroblue tetrazolium/bromo chloro indoyl phosphate
substrate (Promega). The tissues were counterstained
with methyl green. Some tissue sections were pretreated
with 100 p.g/ml of pancreatic RNase A (Sigma) for 30
minutes at 37°C. The RNase was inactivated with RNase
inhibitor (2 ,ul/600 pL. PBS), and the slides were washed
extensively in PBS containing 5 mmol/l MgCI2. In other
control preparations, tRNA (Sigma) was substituted for
the biotinylated probes.

Immunocytochemical Staining
Immunoreactive TNF-a in paraffin sections was identified
with two mouse monoclonal antibodies (MAbs) to recom-
binant human TNF-a, one obtained from Olympus (clone
Fl 2, IgG1) (Lake Success, NY) and one that was a gift
from Genentech (TNF-E, Lot #5890-90, IgG1) (South San
Francisco, CA). Cytokeratin intermediate filaments were
identified with PKK-1, LabSystems, Chicago, Ilinois, us-
ing the manufacturer's protocol for paraffin sections, and
macrophages were identified with DAKO-MAC 387 (Da-
kopatts, Santa Barbara, CA). Deparaffinized, rehydrated
tissue sections were first blocked with normal serum to
prevent nonspecific binding, then the sections were in-
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cubated with either specific antibody or normal mouse
IgG at 10 ,ug/ml for 3 hours at 370C in a humidified cham-
ber. For inhibition experiments, 1 ,ug of anti-TNF-a was
incubated for 1 hour at RT with 10 ,ug of recombinant
human TNF-a (Genentech) in 100 RI of PBS. Binding was
detected with an anti-mouse IgG kit from Zymed (San
Francisco, CA). Endogenous peroxidase was quenched
after the step that employed the biotinylated anti-mouse
IgG reagent by incubating for 30 minutes in 0.3% H202 in
methanol. The tissues were counterstained with Gill's he-
matoxylin. Cryostat sections of frozen tissues were dried
for 1 hour, fixed for 7 minutes in cold acetone, rehydrated
in PBS, and then were tested with TNF-E and normal
mouse IgG as described above.

Results

TNF-a mRNA and Immunoreactive TNF-a in
First-trimester Tissues

Samples taken from the first trimester of gestation con-
tained a mixture of extraembryonic and maternal tissues
and cells. Placental villi were composed of an outer layer
of syncytiotrophoblast, an underlying layer of cytotropho-
blast cells, and several types of mesenchymal cells (fi-
broblasts, macrophages, endothelial cells) in the central
villous stroma. Maternal tissues contained large decidual
cells, epithelia, endothelial cells, and leukocytes.

Figure 1a shows that TNF-a transcrpts were present
in first-trimester placental cells. RNA in intermittent
stretches of syncytiotrophoblast hybridized to the an-
tisense TNF-a probe but not to the sense version of the
same probe (Figure 1 b). Specific messages were low to
undetectable in placental cytotrophoblast and were es-
sentially absent in villous mesenchymal cells. Fragments
of embryonic tissues (brain, intestine) present in these
samples were negative (not shown). Syncytiotrophoblast
stained intensely with anti-TNF-a but was negative with
normal mouse IgG (Figure 1 c, d). Immunoreactive TNF-a
was present in cytotrophoblast cells, whereas villous
mesenchymal cells were less strongly stained, as shown
in Figure 1c and d.

Figures 2a and b show that large decidual cells in
maternal tissues contained TNF-a transcripts and were
positive with anti-TNF-a. Semiserial sections of tissues
tested with anti-cytokeratin and an anti-macrophage re-
agent eliminated the possibility that these positive decid-
ual cells were interstitial cytotrophoblastic cells or macro-
phages (Figure 2c, d). Epithelial cells lining the maternal
blood spaces (endovascular trophoblast cells) also con-
tained TNF-a mRNA and protein (Figure 2a, b), whereas
endothelial cells and leukocytes were generally negative.

TNF-a mRNA and Immunoreactive TNF-a in
Term Placentas

Term placentas differed from first-trimester tissues in that
syncytial trophoblast predominated, villous cytotropho-
blastic cells were uncommon and difficult to identify by
morphology, and maternal tissue was represented only
by a few leukocytes in the blood spaces.

Tumor necrosis factor-alpha mRNA was present in
syncytiotrophoblast in all four samples of term placenta.
Although specimens from each placenta were similar, in
two placentas, TNF-a transcripts were low in syncytiotro-
phoblast (Figure 1 e), whereas in the other two placentas,
syncytiotrophoblast contained high levels of TNF-a mes-
sages (Figure 3). In one of the latter samples, hybridiza-
tion to syncytiotrophoblast was confined to small-
diameter villi. Unlike first-trimester placental villi, mesen-
chymal cells in term placental villi were positive with the
antisense TNF-a riboprobe; in all four samples, TNF-a
transcripts were found in these cells (Figures 1e, 3a).

Identification of the cells that contained immunoreac-
tive TNF-a was more difficult in term than in first-trmester
tissues because the cytokine was present throughout the
placental villous stroma, and was often found in maternal
and fetal blood spaces (compare Figure 1 c with 1f). Syn-
cytiotrophoblast was usually positive with ant-TNF-a
(Figure 1f). As with the in situ hybridizations for TNF
mRNA, there was variability among the placentas that
were tested for the protein, with some placentas staining
more strongly than others.

TNF-a mRNA and Immunoreactive TNF-a in
Term Extraplacental Membranes

At term, the extraplacental membranes are composed of
four distinct tissues: 1) the amnion membrane, a single-
cell layer of epithelium residing closest to the embryo, 2)
multiple layers of fibrous tissue interspersed with a few
mesenchymal cells, 3) the chorion membrane composed
of cytotrophoblastic cells, and 4) maternal decidua.

Tumor necrosis factor-alpha mRNA was rarely
present in amnion epithelial cells or fetal mesenchymal
cells. Figure 1 g shows that low levels of specific mRNA
were identified in chorion membrane cytotrophoblast
cells, and high levels of TNF-a transcripts were present in
some cells in the adjacent maternal decidua. As in sam-
ples of term placenta, immunoreactive TNF-a was
present in the stroma and maternal blood spaces in these
membranes. Figure 1 h shows that the cytokine was
present in cytotrophoblastic cells in the chorion mem-
brane, and that staining was somewhat more intense with
cells in the adjacent decidua.



330 Chen et al
AJP August 1991, Vol. 139, No. 2



TNF-a in Human Placenta 331
AJP August 1991, Vol. 139, No. 2

Controls

The use of sense probes in the same experiments in
which antisense probes were tested were the primary
controls for specific hybridization, and were negative. In-
ternal controls were provided by positive and negative
cells within each tissue section hybridized with the an-

tisense probe. Preincubation of the tissue sections with
RNase A and substitution of tRNA for the biotinylated
probes was also done on all of the tissues used in this
study, and all were negative.

In all of the fixed tissues that were evaluated, the two
MAbs to TNF-a gave identical results, and normal mouse
IgG controls were always negative. Two additional types
of controls were performed. First we tested the specificity
of the antibodies on paraffin sections after incubating
with human recombinant TNF-a. Binding of both antibod-
ies was completely abrogated by preincubation with
TNF-a. Next immunohistology was performed on frozen
tissues, where staining procedures are usually more sen-

sitive. Unexpectedly these tests showed only low binding
of anti-TNF-a to extraembryonic cells in first-trimester pla-
centas and term membranes. Anti-TNF-a reacted
strongly with maternal cells in placenta-associated fibrin
and with some villous mesenchymal cells in term placen-
tal villi (not shown).

Table 1 gives a summary of the findings obtained by
in situ hybridization and immunocytochemistry. All of the
cells that contained TNF-a transcripts also contained im-
munoreactive TNF-a, but the protein was found in some
additional cells as well as in acellular stroma. Although
both fetal and maternal cells transcribed and translated
the TNF gene, the predominant cell populations shifted
during the course of pregnancy.

Discussion

This study provides the first evidence for local transcrip-
tion and translation of the TNF-a gene by cells in human
tissues during pregnancy. Both extraembryonic and ma-

ternal cells contained TNF-a transcripts and protein.

These findings might have been predicted; placental and
uterine cells produce many polypeptide growth fac-
tors,1-9 and several studies suggest that TNF might be
among these factors. 119,2425

Our results indicated temporal alterations in the cell
populations that were TNF-a positive. Comparisons of
staining intensities among various types of cells in the
same tissues and among tissues from various stages of
gestation allow only semiquantitative measures of differ-
ences. However, each in situ hybridization and immuno-
cytochemical experiment, included samples of first-
trimester tissues, term placenta, and term membranes. In
placentas from early gestation, TNF-ot mRNA and protein
predominated in syncytiotrophoblast, whereas in mature
placentas other types of cells participated in transcription
and translation. Villous mesenchymal cells, many of
which are macrophages,2630 appeared to gain a

greater capacity to transcribe and translate the TNF-a
gene as gestation progressed. Temporal alterations in
cytokine-synthesizing cells during pregnancy have been
noted in other studies. For example, TGF-P mRNA is
prominent in murine luminal epithelium at implantation,
and in decidual cells on subsequent days.4

Gestation-related fluctuations in cytokine synthesis
are also well documented.'7 The results of this study
suggested that more TNF-a may be present at late than
at early stages of pregnancy, inasmuch as term tissues
were often saturated with immunoreactive TNF-a. The
TNF-a may have been synthesized by either extraembry-
onic or maternal cells, but it is worthy of note that staining
intensities of maternal cells in both the in situ hybridiza-
tions and immunohistologic experiments were higher in
term than in first-trimester tissues.

The ability of the two MAbs to recognize the cytokine
more readily in fixed than in frozen tissues was unex-

pected. Specificity of the antibodies was clearly docu-
mented by inhibition experiments, so perhaps some con-

formational change occurred in the molecules during fix-
ation that facilitated recognition by antibodies generated
to recombinant TNF-a. Cells in frozen tissues that stained
strongly with anti-TNF-a were located in areas known to
be rich with macrophages.28 These cells express class 11

Figure 1. TNF-a mRNA and immunoreactive TNF-a in human placental and uterine cells. Blue/purple staining identifies mRNA-positive cells
(green counterstain). Red/brown staining identifies immunoreactive TNF-a (blue counterstain). Original magnification, X312. a: First-
trimester placenta, antisense probe. The antisense TNF-ct probe hybridized to RNA in syncytiotrophoblast (large arrows) but not cytotropho-
blast cells (small arrows) in cross-sections ofplacental villi. b: First-trimester placenta, sense probe. In a semiserial section ofthe same tissue,
no hybridization was obtained. c: First-trimester placenta, anti-TNF-a (F12). Both syncytiotrophoblast (large arrows) and cytotrophoblast
cells (small arrows) stained strongly with the antibody, but villous stromal cells were stained only lightly. d: First-trimester placenta nonnal
mouse IgG. In a semiserial section ofthe same tissue, the control was negative. e: Termplacenta, antisenseprobe. In cross sections ofplacental
tilli, RNA in mesenchymal cells hybridized with the antisense TNF-a probe. The sense probe did not hybridize to these or other cells in term
placentas. f: Term placenta, anti-TNF-a (F12). Immunoreactive TNF-a waspresent in syncytiotrophoblast and throughut the villous stroma.
In semiserial sections, normal mouse IgG did not bind to these or other placental cells. g: Term membranes, antisense probe. Cells in the
maternal decidua (D) contained high levels of TNF-a mRNA and cytotrophoblast cells in the chorion membrane (C) were weakly positive.
The sense probe did not hybridize to any cells in a semiserial section of the same tissue. h: Term membranes, anti-TNF-a (F12). Immuno-
reactive TNF-a was present tbroughout the stroma of the membranes. The antibody bound to cytotrophoblast cells in the chorion membrane
(C), and, somewhat more strongly, to cells in the maternal decidua (D). No binding ofnormal mouse IgG was observed in a seminserial section
of the same tissue.
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Figure 2. 7NF-a mRNA andprotein infirst-trimester decidual cells. a: 7he antisense TNF-a probe hybridized to RNA in large decidual cells
(large arrows) and epithelial cells (small arrows). b: Large decidual cells (large arrows) and epithelial cells (small arrows) werepositive with
the monoclonal antibody to TNF, F12. c: Staining with anti-cytokeratin failed to identify the large TNF-aO mRNA-positive cells as interstitial
cytotrophoblastic cells. The arrow marks cytokeratin-positive trophoblast. d: Staining with DAKO-MAC 387 failed to identify the 7NF-a
mRNA-positive cells in the decidua as macrophages. The arrow marks a positive blood monocyte. Original magn#ifation, x312.

major histocompatibility antigens27'28 and are therefore in
the activated state associated with high synthesis of
TNF-a.10 Thus concentration differences may have ac-
counted for our observation that these but not other cells
were strongly stained. This study did not indicate that
either the TNF-a probe or the antibodies recognized poly-
morphic variants of TNF.31 32

The functions of uteroplacental TNF-a remain a matter
of speculation, but might include regulation of prolifera-
tion by cells in the implanted blastocyst. DNA synthesis
by rapidly dividing human trophoblast-derived choriocar-
cinoma cells33 and rat trophoblast cells taken from midg-
estation placentas3'4 35is diminished by TNF-a, whereas
the cytokine has no effect on quiescent trophoblast cells

Figure 3. TNF-a mRNA in term placental villi. a: The antisense TNF-ta probe hybridized to RNTA in syncytiotrophoblast and villous mesen-
cyymal cells. b: In a semserial section ofthe same tissue, no hybridization was obtained with the sense TNF-aprobe. Original magnification,
x125.
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Table 1. Summary of the In Situ Hybridization and
Immunocytocbemical Experiments on First-trimester
Placentas, Term Placentas, and Term
ExtraplacentalMembranes

Immuno-
reactive

TNF-a-mRNA TNF-a

First-trimester tissues
Placenta

Syncytiotrophoblast +* +
Cytotrophoblastic cells 0 +
Villous mesenchymal

cells 0 +/0
Acellular stroma 0 0

Decidua
Decidual cells + +
Endovascular trophoblast + +
Endothelial cells 0 0

Term placentas
Syncytiotrophoblast + /0 +
Villous mesenchymal cells + +
Acellular stroma 0 +

Term extraplacental
Membranes
Amnion 0 0
Fetal mesenchymal cells 0 0
Acellular stroma 0 +
Chorion + /0 +
Cells in decidua + +

+, The majority of cells were positive; 0, the majority of cells
were negative; +/0 indicates weak or inconsistent staining of cells.

from term murine placentas,36 and is a growth stimulator
for rat embryonic fibroblasts.35 Possibly TNF-a has ple-
otrophic effects on blastocyst-derived cells, protecting
the mother from excessive uterine invasion by rapidly
proliferating trophoblast cells37 while stimulating the
growth of embryonic mesenchymal cells.

Effects on differentiation and the expression of various
cell surface and secreted molecules also might be a
function of this potent cytokine. The expression of class 1
major histocompatibility (MHC) antigens is required for
recognition of infected cells by cytotoxic T lymphocytes,
and for binding of various hormones and growth
factors.3840 Tumor necrosis factor-alpha does not in-
crease class MHC expression by either murine41 or rat
trophoblast cells,35 but enhances expression by rat em-
bryonic fibroblasts.35 Tumor necrosis factor-alpha also
might influence tissue remodeling in the uterus by regu-
lating collagenase synthesis,42 promote angiogenesis,4
protect against natural killer cells,44 or limit lymphocyte
infiltration into the uterus.45 Our observation that term but
not first-trimester placental stroma and blood spaces are
suffused with TNF-ac supports the hypothesis that this
molecule plays a role in parturition.17,46

Studies of this type that document the transcription
and translation of various cytokines in specific cells dur-
ing the course of gestation are required for understand-
ing the events of both normal and abnormal pregnancy.
Infertility is a major health problem that could be related to

inappropriate cytokine synthesis, as suggested by stud-
ies in mice,47 and premature labor is known to be asso
ciated with higher than normal local synthesis of various
cytokines.46'8 These conditions might be amenable to
treatment if normal patterns of synthesis and cellular re-
quirements could be determined. This study establishes
that one of the cytokines that must be considered is
TNF-a.
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